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Abstract 


The  partial  reinforcement  extinction  effect  (PRE)  is  well  known 
in  classical  human  eyelid  conditioning.  Until  recently,  no  attempt  has 
been  made  to  explain  this  phenomenon.  Spence  (l963;  1966b)  suggested 
that  the  subject  of  a  continuously  reinforced  group  was  aware  of  the 
change  from  acquisition  to  extinction  and  thereby  adopted  a  cognitive 
set  "not  to  respond".  By  reducing  the  subject's  awareness  of  this 
change,  the  performance  during  extinction  became  a  gradual  rather  than 
a  rapid  decrement.  Theoretically,  one  might  expect  this  finding  with 
infrahumans  because  of  their  presumed  inability  to  develop  these  cognit¬ 
ive  sets.  This  hypothesis  was  supported  in  a  study  by  Thomas  and  Wag¬ 
ner  (l964)  using  rabbi's  which  were  conditioned  under  one  UCS  intensity 
level.  This  present  study  was  ap  attempt  to  replicate  Thomas  and  Wag¬ 
ner's  finding  under  different  UCS  intensity  levels. 

The  eyelid  response  of  the  New  Zealand  albino  rabbit  was  classi¬ 
cally  conditioned  with  a  tone  as  the  CS  and  an  airpuff  as  the  UCS  which 
was  at  intensity  levels  of  75,  l50y  and  250  mm  Hg. 

The  percentage  reinforcement  x  trials  interaction  was  not  signifi¬ 
cant.  This  was  in  accord  with  Thomas  and  Wagner's  findings.  The  per¬ 
centage  reinforcement  x  intensity  x  trials  interaction  was  significant. 
Here  intensity  interacted  with  percentage  reinforcement  to  produce  a 
PRE.  S  ince  the  75  PR  and  the  250  PR  groups  showed  little  acquisition 
however,  the  significance  of  this  interaction  seems  due  to  the  fact  that 
no  loss  was  possible,  and  therefore,  does  not  really  reflect  a  PRE,  A 
number  of  reasons  were  presented  in  an  attempt  to  explain  this  lov/  level 
of  performance. 
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Introduction 


1. 


Partial  reinforcement  extinction  (PRE)  effect  is  v.ell  known 
in  human  eyelid  conditioning.  This  term  refers  to  the  phenomenon 
vfiereby  continuously  reinforced  (CRe)  subjects  (_Ss)  extinguish  faster 
than  partially  reinforced  (PR)  ^s.  Originally,  this  phenomenon  was 
thought  to  have  challenged  Hull's  general  behavior  theory  (l943). 

Hull  postulated  that  with  each  reinforced  trial  a  unit  of  habit  strength 
was  added  to  that  response,  and  that  the  amount  of  hebit  determined  the 
strength  of  the  tendency  to  give  a  response.  At  the  termination  of  an 
arbitrary  number  of  trials,  the  strength  of  the  response  of  the  CRe  _Ss 
would  be  twice  the  strength  of  the  response  of  the  PR  ^s  under  50^  re¬ 
inforcement.  During  extinction,  then,  the  CRe  would  be  more  resist¬ 
ant  to  extinction  than  the  PR  ^s.  Just  the  opposite  occurs,  however 
(e.g.  Grant  and  Schipper,  1952;  Reynolds,  1958).  Spence  (l963;  1966b) 
has  attempted  to  explain  this  phenomenon.  He  believed  that  a  human  ^ 
in  the  CRe  conditions  was  aware  of  the  change  from  acquisition  to  ex¬ 
tinction  procedures  and  thereby  adopted  a  cognitive  set  "not  to  res¬ 
pond".  This  resulted  in  a  rapid  decrement  during  extinction.  If  one 
could  reduce  ^'s  awareness  of  this  change,  such  as  by  training  under 
partial  reinforcement,  then  the  performance  during  extinction  should 
be  a  gradual  rather  than  a  rapid  decrement.  Theoretically,  one  might 
also  expect  to  find  gradual  extinction  following  both  CRe  and  PR  with 
infrahumans  because  of  their  presumed  inability  to  develop  these  cog¬ 
nitive  sets.  In  a  recent  investigation  of  the  conditioned  eyelid  res¬ 
ponse  in  the  rabbit,  Thomas  and  Wagner  (l964)  found  no  difference  bet¬ 
ween  the  extinction  decrements  of  CRe  and  PR  ^s  when  one  unconditioned 
stimulus  (DCS)  intensity  level  was  used,  thus  supporting  this  view. 
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2. 


The  purpose  of  this  study  was  to  extend  their  findings  to  different 
UCS  intensities* 

From  a  consideration  of  the  results  of  a  number  of  studies, 
mostly  using  human  Ss,  it  is  possible  to  predict  what  the  results 
might  be*  Spence  (l958)  found  that  during  acquisition  performance 
of  the  CRe^^s  increased  with  increasing  UCS  intensity.  The  same 
effect  should  be  observed  with  PR  ^s;  however,  recent  evidence  (Boice 
and  Boice,  1966;  Foth,  1968)  indicates  that  UCS  intensity  may  inter¬ 
act  complexly  with  other  variables  involving  reinforcement  schedules. 

On  the  basis  of  this  evidence,  Spence's  theory  (l963;  1966b),  and 
Thomas  and  Vilagner's  (l964)  results  one  might  expect  to  find  a  complex 
relationship  occurring  between  UCS  intensity  and  percentage  reinforce¬ 
ment  during  acquisition,  and  no  PRE  occurring  during  extinction* 

Much  work  has  been  undertaken  to  delineate  the  variables  involv¬ 
ed  in  the  PRE  and  UCS  intensity  conditions*  iJhat  follows  is  a  consider¬ 
ation  of  these  variables. 

PRE  studies 

Relevant  investigations  have  shown  that  partial  reinforcement  ser¬ 
iously  interferes  with  acquisition  performance  in  human  eyelid  condit¬ 
ioning.  In  this  respect,  according  to  Kimble  (l967,  pp.  651-652) 
and  Spence  ( 1966b,  p.  446),  such  learning  differs  from  instrumental 
learning  \Ahere  PR  often  produces  better  performance  (Goodrich,  1959). 
Therefore,  only  purely  classical  conditioning  studies  v;ill  be  review¬ 
ed  here. 

Work  on  the  PRE  phenomenon  began  with  Humphrey's  studies  ( 1939a 
and  1939b:  1940)  utiliz  ing  a  verbal  response  technique.  The  S  faced 
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a  screen  containing  tv«  lamps.  The  left  lamp  (the  CS)  was  consist¬ 
ently  turned  on  by  the  experimenter  and  sometimes  five  seconds  later 
it  was  followed  by  the  right  light  (the  UCS) ,  and  sometimes  not.  The 
^s  were  instructed  to  guess  whether  or  not  the  left  light  would  be 
followed  by  the  right  light.  Thus,  their  responsive  anticipation  of 
the  right  light  served  as  the  conditioned  responses  (CRs),  Hake, 

Grant,  and  Hornseth  (l95l)  suggested  that  the  experiments  using  this 
technique  were  not  completely  analogous  to  the  eyelid  CR.  These 
studies  are  being  included  to  indicate  the  direction  whiich  this  line 
of  research  took.  Further  studies  attempted  to  discover  the  factors 
in  the  sequence  of  trials  which  affected  resistance  to  extinction  in 
PR  situations  (Hake,  and  Grant,  1951;  Hake,  Grant,  and  Hornseth, I95l) , 
Later,  researchers  began  extensively  using  the  human  eyelid  con¬ 
ditioning  technique  to  study  the  parameters  involved  in  the  PRE.  Many 
of  these  studies  using  the  standard  experimental  situation*  were  suc¬ 
cessful  in  obtaining  a  PRE.  In  these  studies,  when  the  number  of  acqui¬ 
sition  trials  was  held  constant,  a  PRE  was  obtained  vRen  from  two  to 
five  different  percentages  of  reinforcement  were  used  (Capaldi,  1957; 
Grant,  Hake,  and  Hornseth,  1951;  Grant,  Hornseth  and  Hake,  1950;  Grant 
and  Schipper,  1952;  Grant,  Schipper,  and  Ross,  1952;  Hartman  and  Grant, 
1960;  Reynolds,  1958),  One  study  using  two  different  percentages  of 
reinforcement  under  comparable  conditions  failed  to  find  a  PRE  (Fro- 
seth  and  Grant,  l96l).  Again,  under  comparable  conditions,  Hartman 

*  Whenever  the  "standard  experimental  situation"  is  ment ioned,the  type 
of  study  involved  is  merely  a  parametric  one  v/here  the  dependent  var¬ 
iable,  such  as  percentage  reinforcement,  is  studied  over  a  number 
of  trials. 
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and  Grant  (i960)  and  Reynolds  (l958)  found  a  PRE  v/hen  CRe  and  PR  _Ss 
were  each  given  the  same  number  of  reinforced  trials  (thus  resulting 
in  more  actual  trials  for  the  PR  group).  The  PRE  has  been  investigat¬ 
ed  with  other  techniques,  as  well.  A  PRE  was  found  with  both  the  GSR 
technique  (Grant,  Meyer,  and  Hake,  1950)  and  with  the  conditioned 
heart-rate  technique  (Notterman,  Scheonfeld,  and  Bersh,  1952)  in  stan¬ 
dard  experimental  situations.  Studies  using  the  latter  two  techniques 
have  not  been  extensively  pursued. 

Using  eyelid  conditioning,  tvo  studies  have  failed  to  find  the  PRE. 
Th  is  was  the  case  when  severely  retarded  children  were  used  as  Ss  (Ross, 
Koski,  and  Yaeger,  1964),  and  when  the  intensity  of  the  DCS  was  varied 
from  trial  to  trial  (Passey  and  Burns,  1962).  In  the  latter  study  a 
CRe  and  a  50^  PR  group  were  used.  The  UCS  was  of  two  different  inten¬ 
sities,  with  their  order  of  presentation  being  randomized  on  the  rein¬ 
forced  trials,  that  is,  either  UCS  intensity  would  appear  on  each  rein¬ 
forced  trial  for  the  CRe  and  the  PR  ^s.  In  addition,  for  the  latter 
group,  the  reinforced  trials  would  be  interspersed  w'ith  unreinforced 
trials. 

Regarding  the  acquisition  data  of  the  previously  mentioned  studies, 
in  the  majority  of  cases  the  CRe  ^s  performed  better  than  the  PR  _Ss. 

This  was  also  the  finding  in  an  interesting  and  important  study  by  Ross 
(l959).  Four  groups  v;ere  used:  a  CRe  group,  a  PR  group,  a  CRe  group 
which  was  switched  to  a  PR  group  mid-way  through  the  experiment,  and  a 
PR  group  which  was  switched  to  a  CRe  group  mid-way  through  the  experi¬ 
ment.  Acquisition  only  was  given.  The  CRe  and  the  PR  ^s  behaved  as 
expected,  hov/ever,  the  performc  noe  of  the  CRe  ^s,  when  switched  to  part- 
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ial  reinforcement,  fell  immediately  from  the  normal  CRe  level 
to  the  PR  level*  The  performance  of  the  PR  when  switched  to  con¬ 
tinuous  reinforcement,  slowly  rose  from  the  normal  PR  level  to  the  CRe 
level.  This  study  was  important  because  it  influenced  Spence  to  take  a 
closer  look  at  partial  reinforcement  phenomenon  and  then  to  develop  his 
theory, 

Spence's  main  concern  was  with  the  more  rapid  extinction  of  the  CRe 
^s.  In  1962,  Goldstein  performed  the  standard  experiment  comparing  PR 
and  CRe  cone  it  ions.  Following  the  extinction  procedure,  he  questioned 
his  Ss.  Goldstein  found  that  practically  all  _Ss  reported  that  they  rec¬ 
ognized  the  change  in  conditions  that  occurred  with  the  shift  from  acqui¬ 
sition  to  extinction.  It  was  on  the  basis  of  this  information  that 
Spence  (l963;  1966b)  attempted  to  explain  the  PRE  phenomenon.  He  hypothe 
sized  that  human  CRe  ^s,  on  noticing  the  change  in  stimulus  conditions, 
became  aware  that  their  eyelid  has  become  conditioned  and  thereupon  more 
or  less  immediately  adopt  a  set  not  to  blink  to  the  CS.  Under  PR,  on 
the  other  hand,  £  has  experienced  nonreinforcements  on  some  portion  of 
the  acquisition  trials.  Hence,  the  shift  to  extinction  for  this  ^ 
should  not  be  as  noticeable  as  the  shift  to  extinction  for  the  CRe 

To  further  test  this  theory,  Spence  attempted  to  reduce  ^'s  recog¬ 
nition  of  this  change  in  stimulus  conditions  by  employing  a  masking  sit¬ 
uation  in  which  the  CS  -  DCS  presentations  are  contained  within  a  more 
complex  series  of  events.  The  consequence  of  this  technique  should  be 
a  gradual  rather  than  a  rapid  response  decrement  for  the  CRe  ^s,  and 
therefore,  the  disappearance  of  the  PRE. 

The  typical  masking  situation  is  in  the  form  of  a  probability 


-noo 


l9V9l  aflO  Ismton  moil  xls^sibenani  IIe'>  ^>nsm9oTolnidT  Xai 

of  bertoiiwe  narW  .eS  flS  ©Hi  lo  oonjsmoliaq  arlT  .level  Brif  of 

n  . 

sflO  or\f  of  level  lermon  erti  moil  980^  \iwole  ^^nejneo'iq'^niei  suounii 
B  e)lB+  oi  eonaqS^beoneunni^  fi  eaueoad  insiioqini  auM^  xbufa  aiHT  .level 
airt  qoleveb  oi  neHi  bnB'nonetroneHq  inerneo'iolniei  iBiiieq  fa  >looX  leaoie 

#  " 
r 

eflO  eHi  '^o  noiionxixe  biqB'i  eiom  eHi  diiw  8®¥  meonoo  nism  a'eoneqS  , 
fW  gniiBqmoo  inemiTeqxo;  b'lfiboBia  erfi  bemio'^iaq  nieiabloO  ,2d^l  nl  .ag. 
benoiiaeup  eH ‘ ,eTubeoo'iq  noiioniixe  eHi  gniwollol  .anoiiianoo  oflO  bne 
-oei  \eHi  isdi  baiToqsT  28  11b  xllBOiioBiq  fadf  bnuol  nieiabloC  .ag,  siH 
-iupas  moiT  iliHa  arii  Hiiw  beiiuooo  fsdf  anoiiibnoD  ni  esfisHo  edi  besingo 
ifiHi  noiiBmi^ini  aidi  'to  aiasd  edi  no  aaw  il  .noiiontixe  oi  noiiia 
-edioqyd  eH  .nonemonedq  3flS  edi  nrslqxe  oJh^iqmeiis' (d8d^I  i£3€l)  eooe^ 
^anoiiibnoo  eulumiia  ni  agnsdo  edi  gnioiion  no  <28  eflO  nismud  isdi  bexia 
eiom  noquoiodi  bne  benoiiibnoo  emooed  asd  bflexe  niedi  ifidi  eie«^B  emsoed 
no  lebntl  .80  edi  oi  >lnild  oi  ion'isa  s  iqobB 


,'j^ 

'to  noiiioq  emoa  no  einemeoto'tnie'inon  beoneiieqxe  a&d  Sl  ebned  ledio  edi 

'  f  'T 

gaidi  lo't  noiioniixe  oi  i'tida  edi  ^eoneH  .alaiii  noiiiaiupoa  edi 
•8  eflO  edi  To't  noiioniixe  oi  i'tida  edi  bb  eldseoiion  as  ed  ion  bluoda 
-gooei  a*3  eouboi  oi  bei.qmeiis  eoneqS  lediiui  oT 

-iie  3ni>lssm  s  gnixolqme  anoiiibnoo  aulumiie  ni  egnsdo  eidi  'to  noiiin 

-r 

eiofn  £  nidiiw  benisinoo  eijB  anoiiBineaeiq  SOU  —  80  edi  doidtf  ni  noifsu 

eel  bl'jodd  eupindoei  aid  i 'to  epneupeanoo  sdT  .aineve  “to  aeitea  xelqtnoo 

Q 

bnfi  ,eg  eflO.edi  loi  inefneToeb  eanoqae'i  biqfii  b  nsdi  ledisi  IsubBig  ® 

,3flR  edi  “to  eonBiseqqseib  edi  ^eioleiedi 

Xiiiidsdo'iq  s  'to  mio't  edi  ni  ai  norieuiia  3ni>laBffl  Isoiqxi 

.  :r'0  *  4;» 


•  4* A  < 

J  ■ 


p  ; 


.Jtik 


6. 


learning  game.  This  situation  involved  a  centrally  placed  light  which, 
when  it  came  on,  vas  the  signal  for  S  to  anticipate  within  its  duration 
which  of  tv\o  small  bulbs,  one  to  the  left  and  one  to  the  right  of  the 
signal  light,  WDuld  subsequently  light.  The  _Ss  v^ere  instructed  that 
their  task  vas  to  predict  which  of  the  two  small  lamps  would  light  and 
to  signify  their  prediction  by  pressing  the  button  on  the  left  or  right 
arm  of  the  chair.  In  addition,  they  were  told  that  distracting  stimuli 
in  the  form  of  a  tone  and  airpuff  to  the  eye  would  be  presented  between 
their  responses  of  pressing  a  button  and  the  lighting  of  one  of  the 
lamps.  The  onset  of  +he  tone  coincided  with  the  offset  of  the  signal 
light.  The  small  lamps  lit  according  to  a  prearranged  schedule.  Thus, 
the  relation  between  the  CS  (tone)  and  DCS  (airpuff)  was  presumably 
masked  by  the  complexity  of  events  co-occurring  with  the  conditioned 
stimuli. 

The  studies  using  this  technique  have  shown  the  rate  of  extinction 
to  be  reduced  compared  with  the  rate  found  in  the  standard  conditioning 
situation  (Spence,  1963;  Spence,  1966a;  Spence,  Howzie  and  Rutledge, 
1964),  and  that  no  difference  was  found  between  the  CRe  and  the  PR _Ss 
in  both  acquisition  and  extinction  (Spence  and  Platt,  1967). 

Spence  suggested  that  a  number  of  previous  experiments  would  furth¬ 
er  support  his  contention.  In  these  studies,  S's  cognitive  ability  was 
shown  to  be  influenced  by  the  experimenter  thereby  resulting  in  a  change 
in  _S*s  performance  level.  The  results  of  Grant  (l939)  and  Miller  (l939), 
showed  that  instruction-produced  sets  will  facilitate  or  inhibit  ^'s 
level  of  response.  In  Passey  and  Burn's  (l962)  study  the  varying  of 
the  intensity  of  the  DCS  by  the  experimenter  from  trial  to  trial  during 
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acquisition  made  the  shift  from  acquisition  to  extinction  procedures 
more  difficult  for  the  S  to  notice.  It  is  significant  also  that  Ross, 
Koski,  and  Yaeger  (l964),  using  mental  retardates  who  presumably  are 
not  as  cognitively  capable,  reported  that  the  CRe  ^s  extinguished  at  the 
same  rate  as  those  who  received  continuous  reinforcement, 

Spence  and  Platt  (l967)  sought  further  evidence  from  studies  in¬ 
volving  infra-humans.  They  suggested  the  studies  where  the  PRE  was  ob¬ 
tained 

resulted,  either  from  the  fact  that  the  behavior  situ¬ 
ations  had  involved  instrumental  response  components  or 
conditions  were  particularly  favorable  for  some  form  of 
stimulus  after-effects  mechanism,  such  as  the  Hull- 
Sheffield  hypothesis  assumes,  (p,  26l), 

They  are  suggesting,  if  Spence's  explanation  of  the  PRE  is  true,  that 
the  results  from  human  Ss  using  the  masking  technique  should  be  similar 
to  classical  conditioning  studies  with  infrahumans.  If  the  results 
differ,  one  may  conclude  a)  the  explanation  for  humans  differs  from 
the  explanation  for  infrahumans,  or  b)  there  is  an  alternative  theory 
which  explains  the  results  of  all  species. 

The  data  from  studies  using  infrahumans  are  presently  not  suffi¬ 
cient  evidence  to  justify  any  conclusions  drawn  from  them,  although, 
clearly  the  PRE  effect  is  difficult  to  obtain  with  some  species,  A 
frequent  finding  during  extinction  is  that  there  is  no  difference  bet™ 
ween  the  two  groups.  Using  the  standard  experimental  situation,  this 
result  was  found  .with  goldfish  (Gonzalez,  Longo,  and  Bitterman,  1961, 
exp,  1:  Gonzalez,  Milstein,  and  Bitterman,  1962,  exp,  1,  2,  and 
Berger,  Yarczower,  and  Bitterman,  1965,  exp,  2  and  3)  with  dogs  (Fitz¬ 
gerald,  1966,  exp,  1;  Wagner,  Seigel,  Thomas,  and  Ellison,  1964), with 
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rats  (Arrnus,  i960;  ’.Vagner,  Seigel,  and  Fein,  1967,  exp.  l)  ,  vith 
pigeons  (Longo,  iVliletein  and  Bitterman,  1962),  and  \;ith  rabbits 
(Brjner,  1965;  Thomas  and  'A'agner,  1964),  The  CRe  S_s  shovved  better 
performance  dur  ing  e  xt  inct  ion  on  one  occasion  (Berger,  Yarczov;er,  and 
Bitterman,  1965,  exp.  l). 

There  were  a  number  of  successful  studies  obtaining  the  PRE,  hov.*- 
ever.  With  trials  equated,  the  PRE  was  found  with  dogs  (Fitzgerald, 

1963;  Fitzgerald,  Vardaris,  and  Teyler,  1966),  with  rats  (Wagner,  Seigel 
and  Fein,  1967,  exp.  2)  and  with  earthvx)rins  (W'yers,  Peeke,  and  Herz, 

1964).  With  reinforcements  equated,  successful  results  were  obtained 
with  the  mouthbreeder  (Gonzalez,  Eskir,  and  Bitterman,  1963,  exp.  l) 
and  with  dogs  (Fitzgerald,  1966,  exp.  2).  A  PRE  Vvas  also  found  with 
goldfish  (Berger,  Yarczcv/er,  and  Bitterman,  1965,  exp.  4-7),  after 
long  runs  of  unreinforced  trials  vihich  tended  to  come  early  in  the  ex¬ 
perimental  session. 

Few  conclusions  can  be  drawn  at  this  time  regarding  the  conditions 
necessary  for  the  appearance  of  the  PRE  in  infrahumans.  The  only  system¬ 
atic  study  of  this  problem  was  with  the  mouthbreeder  and  the  goldfish. 

Here,  one  can  conclude  that  the  PRE  seems  to  have  appeared  consistently 
with  the  mouthbreeder,  but  not  with  the  goldfish.  The  results  of  the 
dog-studies  are  ambiguous.  In  one  study  (Fitzgerald,  Vardaris,  and 
Teyler,  1966),  a  PRE  was  found,  and  in  another  (Fitzgerald,  1966,  exp.  l) 
no  difference  between  the  CRe  and  the  PR  ^s  was  found.  The  fact  that 
the  PRE  is  found  at  all,  however  may  call  cognitive  theories  into  question, 
unless  Spence's  criticisms  (Spence  and  Platt,  1967)  are  correct. 

UCS  intensity  studies 

The  role  of  UCS  intensity  in  classical  conditioning  was  first 
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studied  by  Pavlov  (l927).  He  performed  a  series  of  systematic  studies 
dealing  with  the  effects  of  stimulus  intensity  upon  the  size  of  the 
conditioned  response  and  the  ease  with  which  it  could  be  extinguished, 
Pavlov  found  that  the  UCS  must  be  of  a  certain  magnitude  before  it  v<as 
effective.  Above  this  intensity,  an  increase  in  strength  serves  to  in¬ 
crease  the  amplitude  of  the  resulting  conditioned  responses  and  to  pro¬ 
long  the  number  of  unreinforced  presentations  necessary  to  extinguish 
the  response,  Pavlov  also  found  an  upper  limit  of  UCS  intensity  beyond 
which  there  is  a  decrement  in  the  amplitude  of  the  response  and  a  de¬ 
crease  in  the  number  of  unreinforced  trials  necessary  for  extincj:ion. 

In  a  review  of  later  Russian  experiments,  Razran  (1957)  found  Pavlov's 
findings  to  be  essentially  confirmed, 

Hull  (l943)  indirectly  incorporated  the  effects  of  UCS  intensity  in¬ 
to  his  model.  He  postulated  that  the  excitatory  potential,  determining 
the  strength  of  a  response  is  a  multiplicative  function  of  a  learning 
factor,  jH,  and  a  generalized  drive  factor,  D,  that  is, 

D  X  H  =  E 

The  effects  of  UCS  intensity  was  considered  to  act  on  jD, 

Spence  (l958)  developed  this  model  further  for  use  in  his  classical 
eyelid  conditioning  studies.  The  operationcl  measure  of  JE  was  the 
frequency  of  CRs  produced  by  the  organism,  Jt  was  determined  by  the 
number  of  trials  given  to  the  organism,  D  was  assumed  to  be  a  posit¬ 
ive  function  of  the  magnitude  or  strength  of  a  hypothetical  response 
mechanism.  The  latter  refers  to  a  persisting  emotional  response,  r  , 

in  the  organism  which  could  be  aroused  by  any  aversive  stimulation, 
such  as  shock  or  an  airpuff*  Individuals  were  thought  to  differ  char¬ 
acteristically  in  the  magnitude  of  jr^  exhibited  to  the  same  intensity 
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of  stressful  stimuli.  Increased  changes  in  this  aversive  stimulation 
should,  furthermore,  produce  increased  changes  in  x«=,)  2)  ultimately 
£.  If  one  increased  DCS  intensity  one  should  increase  the  frequency 
of  CRs  produced  by  the  organism. 

The  followers  of  Hull  began  systematic  UCS  intensity  studies,  and 
amassed  evidence  supporting  their  assumption  that  UCS  intensity  acted 
on  drive  to  produce  a  growth  in  habit-strength  (Beck,  1963;  Passey, 

1948;  Passey  and  Burns,  1962;  Ross  and  Hunter,  1959;  Spence,  1953  and 
1556,  pp,  172  -  176;  Spence,  Haggard,  and  Ross,  1953a  and  1958b;  Tra- 
pold  and  Spence,  1960;  Vi'alker,  1960). 

Further  studies  revealed  the  relationship  between  performance  and 
UCS  intensity  was  a  negatively-accelerated  one  that  approached  an  asymp¬ 
tote  within  a  relatively  small  range  of  puff  intensity  values  (Reynolds, 
1958;  Ross  and  Spence,  1960;  Spence,  1953,  1958;  Spence  and  Ross,  1959). 

However,  it  vas  not  clear  whether  UCS  intensity  acted  upon  jt  or  D. 

It  was  only  assumed  that  UCS  intensity  acted  upon  D.  Spence  (l953)  in¬ 
vestigated  this  problem.  Im  groups  of  were  used.  One  group  was 
conditioned  to  a  visual  CS  reinforced  with  a  weak  UCS  and  the  other  group 
was  conditioned  to  the  same  CS  reinforced  with  a  strong  UCS.  On  Day  1, 
each  group  was  given  the  same  number  of  conditioning  trials.  On  the 
second  day  of  training,  the  tvo  groups  vere  each  divided  into  tvjo  sub¬ 
groups  v/ith  half  of  the  £s  continuing  with  the  same  UCS  and  half  being 
switched  to  the  other  intensity.  Response  measures  obtained  on  Day  2 
provided  the  data,  Spence  argued  that  a  comparison  of  the  tvo  subgroups 
who  received  the  strong  UCS  on  Day  1  with  the  tv.o  subgroups  who  receiv¬ 
ed  the  weak  UCS  on  Day  1  would  reflect  possible  differences  in  habit 
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strength.  Possible  differences  in  drive  strength  vould  be  reflected 
by  a  comparison  of  the  tvc  subgroups  who  received  the  strong  UCS  on 
Day  2  with  the  two  subgroups  who  received  the  weak  UCS  on  Day  2.  The 
results  for  both  comparisons  indicated  that  the  subgroups  receiving  the 
strong  UCS  performed  significantly  better  than  the  subgroups  receiving 
the  v;eak  UCS,  Thess  results  were  interpreted  to  mean  that  UCS  inten¬ 
sity  affected  both  H  and  D.  Spence,  Haggard,  and  Ross  ( 1958a)  suggest¬ 
ed  that  it  vas  possible  to  interpret  these  findings  in  terms  of  a  diff¬ 
erential  drive  level  based  on  fear  responses  of  different  strength 
that  become  conditioned  to  the  cues  of  the  experimental  situation.  They 
re-evaluated  the  prol- lem  of  whether  UCS  intensity  affects  H[  or  D  or 
both.  In  their  experiment,  they  attempted  to  equate  _S's  level  of  drive 
during  the  course  of  the  conditioning  session  and  at  the  same  time  pro¬ 
vide  for  differential  reinforcement.  The  high  reinforcement  Ss  had  a 
visual  CS  paired  wdth  a  strong  puff  on  50  or  lOO  trials  and  a  vaak  puff 

vas  presented  on  the  remainder  of  the  trials  without  the  CS,  The  pro¬ 

cedure  for  the  low  reinforcement  ^s  vas  reversed.  Since  the  two  groups 
received  the  same  average  intensity  of  the  UCS  throughout  the  training 
period,  their  drive  levels  vauld  be  equated.  However,  the  intensity  of 
the  puff  on  the  trials  on  which  conditioning  could  occur  differed  for 

the  two  groups.  The  group  that  had  a  strong  puff  on  the  trial  on  which 

conditioning  could  occur  should  develop  a  greater  amount  of  habit  stren¬ 
gth  than  the  group  that  had  a  vaak  puff  on  a  conditioning  trial.  The 
results  showed  the  high  reinforcement  _Ss  performed  significantly  better 
than  the  low  reinforcement's  despite  the  presumed  equality  of  drive. 
They  concluded,  on  the  basis  of  their  results,  that  UCS  intensity  acts 
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on  Fi*  On  the  basis  of  Spence's  (l953)  results,  one  may  conclude 
that  UCS  intensity  acts  on  D,  as  well. 

Following  the  Spence,  Haggard,  and  Ross  (l958a)  study,  Ross 
and  Hunter  (l959)  addressed  themselves  to  the  question  of  wtiether 
performance  curves  for  ^s  reinforded  with  a  v>eal<  UCS  would  ever 
catch  up  with  the  curve  for  _Ss  reinforced  vnth  a  strong  UCS,  (One 
could  not  deduce  this  from  the  previous  studies  because  the  two 
groups  had  not  reached  stable  asymptotic  performance  levels,)  Us¬ 
ing  the  same  procedures  and  puff  intensities,  their  ^s  were  given 
100  trials  with  either  a  strong  or  a  weak  puff;  an  equal  number  of 
trials  with  the  opposite  UCS  were  given  alone.  Their  results  shov«d 
that  it  is  asymptotic  performance  rather  than  the  rate  of  growth 
that  varies  as  a  function  of  the  UCS, 

UCS  intensity  has  been  shown  to  have  different  effects  on  low 
and  high  anxious  ^s  as  defined  by  scores  on  the  Taylor  fi/Ianifest  An¬ 
xiety  Scale  (Spence,  l958;Spence  and  Taylor,  1951;  Spence  and  Wey- 
ant,  i960)  when  the  standard  experimental  situation  was  used.  The 
performance  of  high  anxious  ^s  was  greater  than  the  performance  of 
low  anxious  ^s  for  any  intensity  level.  In  addition,  if  more  than 
one  intensity  level  was  used,  maximum  performance  differences  bet¬ 
ween  the  high  and  lovi^  anxious  ^s  were  obtained  v>/ith  the  strongest 
UCS  intensity  level.  Anxiety  differences  have  been  interpreted  as 
reflecting  differences  in  drive  level. 

In  the  only  experiments  using  infrahu nans,  Annau  and  Kamin, 
(l96l)  found  the  acquis  tion  of  the  conditioned  emotional  response 
(CER)  of  rats  and  its  resistance  to  extinction  to  be  increasing 
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monotonic  functions  of  the  UCS  intensity  employed  in  training.  Again 
using  the  CER  of  rats,  Kamin  and  Brimer  (l963)  varied  CS  and  yCS~ inten- 
sities.  Using  a  given  CS  intensity,  increasing  the  UCS' intens ity  will 
result  in  a  monotonic  change  of  performance. 

Spence's  theory  has  recently  been  challenged.  Prokasy  (l967)  sug¬ 
gested  that  there  was  only  marginal  support  for  Spence's  view  that  the 
relationship  of  D  to  _H  is  multiplicative.  Even  though  performance  is 
greater  for  high  D,  effects  such  as  individual  differences  and  diver¬ 
gence  between  groups  across  trials,  which  can  be  predicted  from  his 
theory,  have  not  been  obtained.  Later  in  his  paper,  Prokasy  softened 
his  criticism  and  stated 

...  the  difficulty  is  that  we  have  no  independent 
means  of  knowing  how  independent-variable  manipula¬ 
tions  relate  to  the  constructs  of  the  theory.  In 
absence  of  this  knowledge,  the  relationships  haye 
been  assumed  in  order  to  make  experimental  predict¬ 
ions.  The  consequence  of  this  is  that  a  failure  of 
data  to  conform  to  expectation  may  reflect  our  ignor¬ 
ance  of  the  correlation  between  empirical  operations 
and  various  theoretical  parameters  rather  than  an 
inadequacy  of  the  theory,  (p,  375) 

Prokasy  concluded  that  the  question  "do  D  and  Jt  multiply  to  determine 
performance  in  human  conditioning?"  cannot  be  answered  unequivocably. 
He  did  not  suggest  an  alternative  to  Spence's  theoretical  constructs, 
however. 

The  importance  of  the  UCS  intensity  variable  has  recently  been 
questioned.  Burstein  (l965)  argued  that  there  was  no  convincing  evi¬ 
dence  to  support  the  conclusion  that  there  are  significant  effects  of 
varied  UCS  intensity  upon  performance.  All  previous  data,  according 
to  Burstein,  unjustly  included  nonconditioners,  and  when  these  were 
eliminated,  the  results  became  nonsignificant.  UCS  intensity,  how- 
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ever,  determines  whether  an  individual's  will, or  v/ill  not,  condi¬ 
tion,  Thus,  more  ^s  will  condition  with  a  high  UCS  intensity  than 
with  one  of  low  intensity.  Burstein’s  argument  was  strongly  attack¬ 
ed  by  Spence  and  Platt  (l966).  They  re-analyzed  many  of  the  previous 
studies  with  and  withoutthe  nonconditioners.  The  findings  from  the 
individual  experiments  did  not  change.  Spence  and  Platt  suggested 
that  Burstein's  results  were  nonsignificant  because  the  performance 
had  already  reached  an  asympototic  level.  Therefore,  Burstein  was 
using  intensity  values  that  were  ineffective  in  producing  a  signifi¬ 
cant  difference  without  a  large  number  of  ^s, 

Burstein  (l967)  retorted  that  Spence  and  Platt’s  re-analysis 
had  not  used  the  same  criterion  set  up  for  the  elimination  of  non¬ 
conditioners  as  he  had  previously  mentioned  (l965),  Suboski  (l967) 
then  used  Burstein's  criterion  and  found  a  significant  effect  of  UCS 
intensity  upon  performance.  Therefore,  there  seems  little  doubt  that 
there  is  a  positive  relationship  between  UCS  intensity  and  performance 
Intensity  and  percentage  reinforcement 

The  data  from  the  investigations  of  varying  UCS  intensity  with 
percentcge  reinforcement  in  human  eyelid  classical  conditioning  are 
conflicting,  Ross  and  Spence  (i960)  re-evaluated  a  number  of  studies 
in  order  to  establish  a  relationship  of  percentage  reinforcement  of 
UCS  intensity.  The  shapes  of  the  functions  are  quite  different  for 
the  two  reinforcement  schedules.  With  continuous  reinforcement,  the 
function  is  negatively  accelerated  v/ith  small  increases  in  puff  stren¬ 
gth  at  low  absolute  levels  resulting  in  large  increases  in  performance 
In  contrast,  under  50^  reinforcement,  the  function  is  S-shaped  with 
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little  performance  change  over  the  low  range  of  UCS  intensity  values. 
In  addition,  the  rise  in  performance  is  gradual  and  the  asymptotic 
level  is  much  lower  for  the  30/’6  reinforced  group.  Fishbein  (l967) 
found  CR  performance  positively  related  to  UCS  intensity,  viiereas 
Bo  ice  and  Bo  ice  (l966)  and  Runquist  (l963)  found  the  reverse.  Gor- 
mezano,  Moore,  and  Deaux  (l962)  found  a  positive  relationship  using 
a  yoked  comparison  technique  but,  as  Spence  and  Platt  (l966)  indi¬ 
cated,  one  obtains  a  confounding  of  the  UCS  intensity  level  with  the 
PR  variable. 

...  as  UCS  intensity  increased,  the  performance 
level  of  avoidance  Ss  increased  so  that  their  yoked 
classical  controls  received  fewer  reinforcements. 

The  effect  of  this  partial  reinforcement  was  suffi¬ 
ciently  strong  to  produce  an  inverse  ordering  of  the 
classical  groups^jn  the  UCS  intensity  dimension 

(p.  4-5) 

Since  the  data  using  these  variables  is  contradictory,  further  re¬ 
search  is  required. 

Purpose 

To  recapitulate,  no  studies  to  da+e  have  investigated  the  inter¬ 
action  of  percentage  reinforcement  and  UCS  intensity  v.ith  infrahumans. 
The  purpose  of  this  experiment  is  to  investigate  the  influence  of 
these  variables  upon  extinction  of  the  classically  conditioned  eyelid 
of  the  rabbit.  The  experimental  design  was  a  3  x  2  factorial  with  one 
replication.  Three  levels  of  the  UCS  intensity  were  combined  v»/ith  CRe 
and  PR _Ss.  The  data  from  this  experimeni  a)  enabled  us  to  see  if 
Thomas  and  Wagner's  results  held  over  all  intensity  levels,  and  b) 
yielded  parametric  data  of  UCS  intensity  and  percentage  reinforcement 
for  the  rabbit. 
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Sub  iects 

The  _Ss  were  48  naive,  male  and  female,  New  Zealand  albino  rabbits, 

80  to  lOO  days  old,  vtiich  were  obtained  from  a  local  farm.  Each  _S  was 
housed  in  a  separate  cage,  and  had  free  access  to  food  and  water. 
Apparatus 

Tvvd  were  run  simultaneously  in  separate  cubicles.  The  condition¬ 
ing  apparatus  was  similar  to  that  employed  by  Gormezano  (l964).  Briefly, 
S  was  placed  in  a  vooden  restraining  box  with  its  head  inserted  through 
an  opening  in  the  front.  The  pinnae  of  both  ears  were  clamped  to  the 
top  of  the  box  to  prevent  gross  head  and  body  movements  from  taking  place 
(cf.  Fig.  1  and  2). 

The  technique  for  recording  the  responses  was  modified  from  that 
described  by  Gormezano  (l964).  Two  Clarex  CL603A  photocells  were  used. 
Each  of  the  photocells  was  in  series  with  a  fixed  resistor  so  as  to  form 
t'AO  voltage  dividers  (Fig.  3).  The  output  from  each  divider  was  fed  in¬ 
to  the  differential  input  of  a  Brush  Mark  11  Ink  Writing  Oscillograph. 

The  output  from  the  dividers  was  balanced  by  means  of  a  potentiometer 
which  varied  the  potential  applied  to  the  tvc  circuits. 

The  two  cells  were  positioned  in  the  following  manner.  One  cell 
(eg)  was  directed  tovard,  and  1/2  inch  away  from,  _S's  eye  with  the 
other  cell  directed  toward  the  fur  near  the  eye.  Withe's  eye  open, 
a  steady  output  was  produced  by  the  cells.  When  the  eye  closed, 
the  reflectance  properties  of  the  rabbit's  eye  would  change,  thus 
changing  the  resistance  of  EC.  This,  in  turn,  would  change  the  output 
of  the  two  cells. 

An  event  marker  on  the  Oscillograph  recorded  the  onset  and  termin- 
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FIGURE  1  Rabbit  in  restraining  box  with  headgear  attached 


FIGURE  2  Close-up  view  of  the  headgear 
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ation  of  the  CS,  The  graphic  paper  speed  was  125  mrn/sec.  A  Convair 
Paper  Tape  Reader  selected  the  type  of  trials  and  controlled  the  inter¬ 
trial  intervals  of  530  msec.  Hunter  Decade  Timers  controlled  the  CS- 
UCS  interval  and  duration.  Because  of  the  large  number  of  recording 
trials  that  were  involved,  only  selected  blocks  of  t\venty  trials  were 
recorded  in  order  to  conserve  paper.  The  trials  involved  vjere  1-20, 
41-60,  61-80,  101-120,  161-180,  221-240,  281-300,  and  341-440  during 
acquisition  and  all  trials  during  extinction.  The  UCS  was  a  lOO  msec 
puff  of  compressed  nitrogen  delivered  through  a  1  mm  diameter  orifice 
to  ^'s  eye,  at  a  distance  of  3/8  inch  from  the  cornea.  The  intensity 
of  the  airpuff,  measured  at  its  point  of  delivery  to  the  cornea,  was 
of  sufficient  intensity  to  support  a  75,  150,  or  250  mm  column  of  mer¬ 
cury.  The  CS  was  a  moderately  loud  1000  cps  tone  generated  by  a  Smith 
Model  2425  code  practice  oscillator,  which  terminated  v/ith  the  offset 
of  the  UCS.  The  tone  was  presented  to  the  rabbit  by  a  speaker. 
Procedure 

On  the  day  of  their  arrival,  the  ^s  '-vere  given  two  1-hour  adapta¬ 
tion  sessions  to  the  apparatus.  Each  _S  was  restrained  in  the  wooden 
box  with  the  head-gear  attached. 

The  ^s  were  then  assigned  to  one  of  six  groups.  On  sessions  three 
to  nine,  inclusive,  each  S  was  given  acquisition  trials.  Each  session 
the  CRe  ^s  received  60  CS-UCS  pairings,  while  the  PR _Ss  received  30  CS 
alone  and  30  CS-UCS  trials  presented  randomly  with  the  restriction  that 
no  more  than  two  CS  alone  trials  occur  consecutively.  On  the  tenth 
session,  all  ^s  were  given  an  additional  20  acquisition  trials;  20  CS- 
UCS  trials  for  the  CRe  ^s,  and  10  CS  alone  and  10  CS  -  UCS  trials  for 


lUvnoO  A  .o»a\(im  5SI  ««  b«iq«  loqeq  oiriqais  .80  t>Ai  noli. 

aH*  balloi^noo  bcB  1o  aq.i  aHt  ba^^Ia.  aq*V.q.<l 

'  ^0  ballqi^no,  e.««iT  absoaO  loJnuH  .o.*..  Ota  alev.a^ni  I.ht 
gnib.oo.!  >0  Tadaiuo  ag^al  erit  1o  »eu.o«8.  .nolJaiub  bna  Uv-,»Jni  SOU 
anaw  aUh*  lo  e>loaId  bWoalae  ylno  .b^vlovni  a-.-  iaHJ^aXahd 

,0S-X  aia*  bavXovni  aXanX  aHT  .-.aqaq  avieanoo  oJ  -.abio  ni  babioaai^ 
l„Hub  CM.IA€  bna  .OOE-XES  ,0AS-XSS  .O&X-Xax  ,OSX-lOX  .Ob-Xd  .Od-XA 
saain  CCl  a  as*  80U  aHT  .noiJofiiXxa  ^nitob  alaitX  IX*  boa  noiiiaiupoa 
aoiTiio  laXamaib  (W  X  a  HguoiriX  baiaviXab  nago-iXin  b8aaa-.qmoo  To  TTuq 

xJianaXni  aHT  .*an,oo  aHi  r,oYT  Harti  e\£  To  aonaX.ib  a  Xa  ,»X»  »'£  °* 
aa»  ,aao,oo  aH.‘  oX  y-.aviXab  To  Xoioq  #Xi  Xa  ba.uaa^a  .TTuq.ia  aHX  To 
_,a,.  To  raauXoo  ™.  OeS  -.o  ,031  .aV  a  Xioqqua  oX  yXianaXni  XnaioiTTua  To 
HXin«  a  yd  baXa.anas  ®ooX  aqo  OOOX  buol  ^taX.iaboa.  a  »»-  20  aHT  .yiua 

XaeTTo  »H1  HXi»  baXanimiaX  HoiHa 

.■.»>taaq8  a  yd  Xiddai  aHX  oX  balnaaaiq  aaa  ^ 

•  -  ’  '  '  flubooOlS. 

•  .alqaba  -.uoH-l  *X  naviga.a*  aiaHX  ,lavi..a  -.iariXToyabaHX  nO^ 

naboa.-*HX  oi  bania-.X8a-.  2  Hob3  .auXaiaqd*  «HX  oX  aooiaaaa  ooiX 

.borloB^B  'f£9§-b6orl  artt  rtiiw  xod 

aoiHX  anoiaaaa  o3  .aquoia  xia  To  ano  oX  bangiaaa  naHX  »i*»  *£  ^HT , 
noiaaaa  Hoe3  .aXahX  ooiXiaiupoa  nevig  8*v  2  Hoea  .avieclooi  ,aoin  oX 
80  0£  baviaoa.  *a£  fN  oHX  aXirta  .asohieq  200-30  03  baviaoa.  ei  afO  oHX 
*»HX  noiXoi-iXaei  aHX  HXi*  yimobnai  baXnasaiq  eXanX  20U-20  0£  boa  aooXa 
q>n.X  aHX  oO  .yXaviX.oaar.oo  .uooo  aXai.X  anoXa  20  oaX  oaHX  ..«n  on 


-80  OS  jaXaiiX  ooiXiaiupoa  0?  I^oiXibbe  na  oavig  aia*  a^  XIa  ,ooi 
_  ^  _  ni  kne  aRO  drti  idl 


8898 


lo*)  el*ht  20U  -  80  01  bn^  ©nolB  80  01  bnfi  •^o\  alfii'*!  OOU 

r  ..3 


’  '•I 

Vj* 


k 


.1 


f 


20. 


the  PR  ^s.  Then,  all  received  60  CS  alone  trials. 

The  intertrial  intervals  during  acquisition  and  extinction  were 
varied  among  55,  60  and  65  sec  in  a  random  order  averaging  60  sec. 

Deflections  of  the  recording  pen  of  1  mm  or  more  from  the  base¬ 
line  and  occurring  from  25  msec  after  CS  onset  to  25  msec  after  IXS 
onset  during  acquisition  and  extinction  v/ere  considered  to  be  CRs. 
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Acquisition  Data 

The  results  of  this  experiment  are  summarized  in  Figure  4,  The 
CRe  ^s  performed  better  than  the  PR  in  all  cases,  and  their  perform¬ 
ance  increased  as  increases  in  the  DCS  intensity  v;ere  presented.  The 
most  striking  feature  is  the  low  level  of  conditioning  attained  by  most 
of  the  ^s.  The  maximum  value  attained  for  the  CRe  and  the  PR  _Ss  was 
45^  and  17^  respectively.  The  rise  of  the  150  PR _Ss  resulted  from  the 
rapid  conditioning  of  a  number  of  _Ss  in  the  last  block  of  20  acquisi¬ 
tion  trials. 

The  summary  of  the  analysis  of  variance  appears  in  Table  1.  Both 
the  percentage  reinforcement  and  trials  variables  were  significant 

(|:,<i.0l).  The  intensity  variable  was  not  significant.  Of  the  interact- 

i 

ions,  only  the  percentage  reinforcement  x  trials  was  significant  (p^.Ol). 
The  CRe  ^s  performed  better  than  the  PR  ^s  over  all  the  acquisition 
trials. 

This  analysis  was  undertaken  when  trials  were  equated  for  both 
the  CRe  and  the  PR  ^s.  The  PR  _Ss  received  half  as  many  reinforcements, 
but,  because  of  the  difference  in  the  number  of  reinforcements,  it  can 
be  argued  that  one  should  expect  a  lower  performance  level  for  the  PR 
^s.  Since  they  have  had  fewer  conditioning  trials,  it  could  be  argued 
that  their  habit  strength  should  be  less.  If  they  were  given  the  same 
number  of  reinforcements  as  the  CRe  ^s,  their  performance  level  might 
then  be  the  same.  Table  2  presents  an  analysis  of  the  data  when  the 
reinforcements  to  each  of  these  two  groups  were  equated.  The  mean 
CR's  are  shown  in  Table  3.  A  significant  difference  was  found  betv^een 
them.  This  differs  from  the  finding  reported  by  Thomas  and  Wagner 
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Figure  4  Mean  scores  of  acquisition  and  extinction  data. 

Acquisition  data  is  presented  in  blocks  of  1 lO 
trials.  Extinction  data  is  presented  in  blocks 
of  20  trials.  The  first  points  plotted  under  ^ 
of  extinction  refer  to  the  last  block  of  20  acqui¬ 
sition  trials. 
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Table  1 


Summary  of  analysis  of  variance  of  acquisition  data 

with  trials  equated. 


Source  of 


*  I  * 
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percentage 

reinforcement 
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<.01 
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A  X  B 
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38. 18 
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A  X  C 
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B  X  C 
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1.03 

^.05 

A  X  b  X  C 

528. 19 
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error 

13901.44 
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110.33 
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47699.45 


191 


■Hi 


I  eldisT 


fl»Bb  noj^UiuDos  lo  aonsiisv  1o  aieyl«i8  1o 

,b©iflUP®  8Ui'i>  n^i-^  , 

i  '-■ 

'  '  sotuo8 

^  SA'IAUM  *^0  ■jj,  V  noiifliijsv 

A 


A 

• 

o 

IS  .SI 

ee.vdAc 

I 

ee  sm 

V  •  •'»i  ■ 

V  t- 

'  •gfii’nso’idq- 
>nan»oTo'^ni#T 

eo.*^ 

ee.i 

SI 

S 

es.coi  '•• 

^  ^  8 

yiians^ni 

2ki 

s 

86.e8S 

0  X  A 

* 

e8.t:6S 

I8.SSCII  , 

'  .  '  lona 

10.  > 

61  .se 

OS.SISI'  “ 

^  N 

c 

Oe.dedSI 

# 

D  . 

slAfli 

o 

• 

V 

ee.e 

Td.eaoi 

e 

i 

.S0.WI8' 

1 

'  0  X  A  ^ 

ts. 

eo."^ 

eo.i 

60.MI 

d 

0x8 

an 

£0.88 

r 

a 

ei.Bsa 

« 

0  X  d  X  A 

♦ 

rr.oii. 

- " 

■V  ;i. 

lei 

a>-.eedv»‘ 

’  Ufof 

.  ‘  I  li  , '..  ' 


9  '  * 


<jy 


4' 


'  I 


tM 

♦-  -- 


lie  •■#  - 

-  -  ^ 

■'  ' 


/ 


f 


*■ 


#• 


A 


24, 


Table  2 

Summary  of  analysis  of  variance  of  acquisition  data 
with  equated  reinforcements. 


Source  of 

var iat ion _ sum  of  squares _ df _ mean  square _ F _ orobab i  1  i 


A 

percentage 

reinforcement 

2552.08 

1 

2552.08 

4.30 

<.05 

B 

intensity 

1946.47 
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973.24 

1.64 

NS 

A  X  B 
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0.26 

NS 
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594. 10 
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29791.67 
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Table  3 

Mean  percent  CRs  given  by  CRe  and  PR  when  reinforcements 

were  equated 


%  reinforcement 
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PR 
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Table  4 


Summary  of  analysis  of  variance  of  extinction 
data  with  trials  equated 


source  of 
variation 

sum  of  squares 

df 

mean  square 

F 

orobabi 1 itv 

A 

percentage 

reinforcement 

86.42 

1 

86.42 

6.59 

<  .05 

B  intensity 

68.70 

2 

34.35 

2.62 

>  .05 

C  trials 
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3.19 
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(1964),  Hov.ever,  a  comment  is  necessary.  The  trials  involved  in  this 
comparison  should  have, been  401  to  440  for  the  PR  ^s  end  201  to  220 
for  the  CRe  ^s.  The  actual  recorded  responses  were  frcm  trials  221  to 
240,  However^  it  is  unlikely  that  the  bias  v^hich  was  in  favor  of  the 
CRe  ^s,  produced  the  difference.  An  inspection  of  the  slope  of  the 
curve  determined  from  Table  3  indicates  the  CRe  ^s  gave  more  CRs  than 
could  be  accounted  for  by  the  bias. 

Extinction  data 

The  extinction  data  are  summarized  in  Figure  4,  The  CRe  ^s  extin¬ 
guished  quite  rapidly.  Comparison  with  PR  groups  is  difficult  with 
one  exception.  The  150  PR  ^s  appear  to  extinguish  at  the  same  rate 
as  the  CRe  ^s.  The  summary  of  the  analysis  of  variance  is  presented  in 
Table  4,  The  percentage  reinforcement  and  trials  variables  were  signi¬ 
ficant  (p<,05).  There  was  a  significant  difference  between  the  CRe  and 
the  PR  ^s  in  their  overall  performance.  The  percentage  reinforcement 
X  trials  interaction  was  not  significant.  There  was  no  significant 
difference  in  the  rates  of  extinction  of  the  CRe  and  the  PR  ^s.  The 
percentage  reinforcement  x  intensity  interaction  vas  significant  (p<,05)5 
but  the  percentage  reinforcement  x  intensity  x  trials  interaction  was 
not  significant.  The  different  DCS  intensities  had  different  effects 
on  the  CRe  and  the  PR  Ss,  but  when'the  analysis  was  considered  over 
trials,  this  difference  disappeared,  Frjm  the  above  analysis  one  could 
conclude  that  no  PRE  was  found. 

The  raw  data  of  this  experiment  fields  only  relatively  small  diff¬ 
erences,  This  resulted  from  the  low  performance  level  attained  by  most 
of  the  ^s,  particularly  the  PR _Ss,  Consequently,  the  analysis  of  vari- 
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ance  of  the  raw  data  may  not  have  been  sensitive  enough  to  detect  any 
difference  that  might  have  occurred.  Therefore,  an  analysis  in  terms 
of  loss  scores  was  undertaken.  Two  types  were  attempted;  the  absolute 
loss  and  the  percentage  loss. 

The  main  scores  from  the  data  for  the  absolute  loss  are  presented 
in  Figure  5  and  Table  5,  The  absolute  loss  was  computed  by  subtract¬ 
ing  the  number  of  responses  occurring  during  each  extinction  trial 
from  the  number  of  responses  occurring  during  the  last  block  of  20  acq¬ 
uisition  trials.  The  CRe  ^s  showed  the  greatest  absolute  loss.  The  PR 
^s,  excepting  the  150  PR _Ss,  showed  a  slight  gain.  The  analysis  of  var¬ 
iance  of  this  data  is  summarized  in  Table  6,  Here,  the  percentage  rein¬ 
forcement  and  trials  variable  were  significant  (p<,0l).  The  interaction 
of  percentage  reinforcement  x  trials  was  not  significant.  Thus,  no  PRE 
was  found.  This  finding  again  supports  Thomas  and  VJagner's  (l964)  study, 
Tbe  interaction  of  percentage  reinforcement  x  intensity  x  trials  v^s 
significant  (p'^,05).  Since  the  75  PR  and  the  250  PR  groups  showed 
little  acquisition,  the  significance  of  this  interaction  seems  due  to 
the  fact  that  no  loss  was  possible  in  these  conditions  and  therefore, 
does  not  really  reflect  a  PRE  with  these  twD  UCS  intensities. 

The  analysis  of  variance  using  both  the  raw  data  and  the  absolute 
loss  data  favorably  bias  the  possibility  of  finding  a  PRE,  The  PRE  in 
this  study  is  defined  in  terms  of  an  interaction  between  the  CRe  and  the 
PR  Ss  over  trials.  The  bias  occurs  because  of  two  inherent  difficulties 
in  using  the  constant  trials  method  of  experimentation.  The  first  diffi¬ 
culty  is  that,  during  acquisition,  the  performance  level  of  the  PR  _Ss  is 
usually  lower  than  the  performance  level  of  the  CRe  ^s.  The  second  diffi- 
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Figure  5  Mean  scores  of  absolute  loss 
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Table  5 


The  mean  absolute  loss  occurring  during 
the  extinction  trials 
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Table  6 


Summary  of  the  analysis  of  variance  using  the 
values  from  the  absolute  loss  data 


Source  of 
var iat ion 

sum  of 
squares 

df 

mean 

square 

F 

orobabi 1 itv 

A 

percentage 

reinforcement 

339. 16 

1 

339.16 

8.05 

<  .01 

B 

intensity 

21.50 

2 

10.75 

NS 

A  X  B 

16.45 

2 

8.23 

— 

NS 

error 

1778.04 

42 

42.32 

C 

trials 

84.64 

2 

42.32 

10.38 

<  .01 

A  X  C 

21.48 

2 

10.74 

2.63 

>  .05 

B  X  C 

16.87 

4 

4.22 

1.03 

>  .05 

o 

X 

CD 

X 

<c 

67.59 
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16.89 

4.14 

<  .05 

error 

343.09 

84 

4.09 

total 
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iculty  again  concerns  the  PR  ^s.  Here,  during  extinction,  the  PR 

lie  nearer  the  horizontal  axis,  their  lower  limit.  If  the  perform¬ 
ance  of  the  PR  ^s  were  to  parallel  the  performance  of  the  CRe  ^s,  then 
it  would  reach  this  lower  limit  prior  to  the  conclusion  of  the  extinc¬ 
tion  trials.  The  performance  would  then  proceed  parallel  to  the  hori¬ 
zontal  axis,  that  is,  the  performance  of  the  PR _Ss  would  be  zero  or 
nearly  zero  for  the  remainder  of  the  extinction  trials.  The  result  is 
that  the  performance  of  the  two  groups  of  ^s  converge  as  extinction 
trials  are  administered,  thus  favoring  an  interaction.  An  attempt  was 
made  to  partially  overcome  this  difficulty  by  considering  the  percent¬ 
age  loss.  The  difficulty  vould  be  overcome  because  the  loss  would  be 
measured  independently  of  ^'s  performance  level.  In  this  case,  the 
figures  were  computed  in  the  following  manner: 

percentage  loss  =  X  -  Y 

where  X  =  the  number  of  responses  occurring  during  the  last  block  of 
20  acquisition  trials,  and  Y  =  the  number  of  responses  occurring  dur¬ 
ing  each  extinction  trial.  If  X  =  1  and  Y  =  0,  then  there  has  been  a 
100^  loss  in  performance.  However,  this  measure  could  not  be  used  be¬ 
cause  a  large  number  of  ^s  showed  zero  scores  in  the  last  block  of  20 
acquisition  trials,  particularly  in  the  75  and  250  mm  groups. 

A  further  analysis  of  variance  (Table  7)  was  undertaken  to  com¬ 
pare  the  150  CRe  S.S  with  the  150  PR  ^s.  The  reason  for  this  analy¬ 
sis  was  that  it  was  only  with  the  150  PR  ^s  that  virtually  any  condit¬ 
ioning  was  obtained  under  the  partial  reinforcement  conditions.  It 
was  realized  that  his  analysis  was  not  an  orthogonal  comparison  and 
that  it  was  post  hoc,  but  it  was  felt  that  in  view  of  the  acquisition 
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Table  7 

Summary  of  the  analysis  of  variance  for  the  extinction 
data  of  the  150  CRe  and  the  150  PR  groups 

source  of 


var iat ion 

sum  of  squares 

df 

mean  square 
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percentage 
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49 
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C  trials 
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data  the  finding  vould  be  of  some  interest.  In  this  cage^  the  per¬ 
centage  reinforcement  x  trials  interaction  was  not  significant.  The 
two  groups  extinguished  at  the  same  rate. 
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The  results  of  this  experiment  agree  v/ith  those  of  Thomas  and 
Vifagner's  (l964)  study  in  that  no  PRE  ms  found.  The  percentage  re¬ 
inforcement  X  trials  interaction  v/as  not  significant  in  the  analysis 
of  either  the  raw  data  or  the  absolute  loss  data.  Although  the  per¬ 
centage  reinforcement  x  intensity  x  trials  interaction  was  signifi¬ 
cant  in  the  analysis  of  the  absolute  loss  data,  it  vas  felt  that  this 
interaction  did  not  adequately  reflect  a  PRE  because  of  the  low  level 
of  performance  attained  by  the  PR  _Ss  during  acquisition.  In  this  case, 
little  loss  was  possible  in  some  of  the  PR  groups.  Higher  levels  of 
performance  might  have  been  obtained  if  more  trials  had  been  given  dur¬ 
ing  acquisition,  but  this  was  not  feasible  in  the  present  study.  In 
one  group,  however,  the  150  PR,  ^s  showed  sufficient  conditioning  to 
enable  a  determination  of  the  effect.  Again  no  PRE  v.as  found. 

The  acciuisition  data  from  this  study  differs  from  that  found  in 
Thomas  and  Wagner's  study.  In  their  study,  both  the  CRe  and  the  PR 
^s  attained  the  same  level  of  performance,  v/hereas  in  this  study, 
there  was  a  significant  difference  betv/een  the  two  groups.  This 
latter  finding  is  similar  to  that  of  Ross  and  Spence  (i960)  and  others 
using  the  human  eyelid  response.  When  reinforcements  we  equated 
within  the  acquisition  data,  a  difference  still  appeared  betv/een  the 
CRe  and  the  PR  _Ss.  A  bias  ms  present,  which  slightly  favored  the  CRe 
^s,  but  it  v/as  unlikely  that  the  difference  was  solely  a  result  of 
this  bias. 

The  relationship  betv/een  percentage  reinforcement  and  the  level  of 
conditioning  seems  valid.  The  CRe  _Ss  performed  better  than  the  PR  _Ss. 
However,  the  DCS  intensity  effect  may  not  b3  valid  because  the  low  per- 
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formance  levels  in  the  PR  groups  did  not  allow  the  performance  vari¬ 
ability  due  to  the  different  DCS  intensity  levels  to  develop.  This 
effect,  however,  is  suggested  by  the  CRe  acquisition  data.  Here,  with 
increasing  UCS  intensity  levels  one  obtains  increasing  levels  of  per¬ 
formance. 

The  finding  of  the  superior  performance  of  the  150  PR  as  com¬ 
pared  to  the  performance  of  both  the  75  PR  and  the  250  PR  _Ss  during 
acquisition  is  difficult  to  explain.  This  difficulty  may  arise  from 
the  expectation  that  the  relationship  between  UCS  intensity  and  per¬ 
formance  is  a  linear  one.  But,  the  relationship  may,  in  fact,  be 
complex.  This  possibility  is  also  suggested  by  a  consideration  of 
the  results  from  the  studies  of  Bo  ice  and  Bo  ice  (1966),  Foth  (l968), 
and  Runquist  (l963). 

This  study  has  a  number  of  interesting  parallels  to  those  using 
human  ^s.  The  acquisition  curves  are  similar  but  conditioning  occurs 
at  a  much  slower  rate.  The  CRe  Ss  perform  better  than  the  PR  ^s  and 
the  intensity  variable  has  no  effect  with  random  partial  reinforce¬ 
ment  (Runquist,  1963),  If  only  the  CRe  ^s  are  considered  in  the  analysis, 
the  data  suggested  that  performance  increases  with  increasing  UCS  inten¬ 
sity  values.  This  is  consistent  with  traditional  findings. 

The  parallels  during  extinction  are  more  complex.  If  one  consid¬ 
ers  only  the  data  from  the  150  CRe  and  the  150  PR  ^3,  then  no  PRE 
effect  occurs.  This  is  in  line  with  Thomas  and  VJagner's  study  and 
tends  to  support  Spence's  theory  concerning  the  PRE,  Although  the 
percentage  reinforcement  x  intensity  x  trials  interaction  was  signifi¬ 
cant,  this  interaction,  as  was  previously  mentioned,  does  not  adequate- 
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ly  reflect  a  PRl, 

Important  ’ in  the  interpretation  of  these  results  is  the  consid¬ 
eration  of  iwo  different  viewpoints, 

1,  The  obtained  results  are  valid  and  adequately  reflect 
the  processes  that  are  taking  place, 

2,  The  low  level  of  conditioning  attained  by  all  groups^ 
during  acquisition,  suggested  that  a  number  of  distract¬ 
ing  influences  were  probably  present  during  the  running 
of  the  experiment. 

There  is  one  item  of  evidence  which  supports  the  first  vievipoint 
(Ross  and  Spence,  1960),  This  study  has  been  described  in  the  intro¬ 
duction.  Ross  and  Spence's  suggestion  that  an  inhibitory  factor  oper¬ 
ated  on  the  PR  ^s  suggests  the  reason  for  the  low  performance  of  the 
PR  ^s  in  this  study.  Also,  excepting  the  150  PR _Ss,  the  CRe _Ss  per¬ 
formed  better  than  the  PR  ^s  and  the  performance  increased  with  increas¬ 
ing  UCS  intensity  values.  However,  the  suggestion  that  inhibition  is 
operating  applies  only  to  the  low  UCS  intensities  and  does  not  explain 
why  little  conditioning  vas  observed'for  the  250  PR  ^s  except  to  note 
that  Foth  (l968)  found  an  inverse  relation  between  UCS  intensity  and 
performance  under  PR,  Therefore,  it  is  evident  that  more  emphasis 
should  be  placed  upon  the  second  viewpoint.  The  remainder  of  this  dis¬ 
cussion,  then,  will  be  devoted  to  a  consideration  of  what  distracting 
influences  might  have  been  operating  during  the  running  of  this  experi¬ 
ment. 

At  the  conclusion  of  440  trials,  the  mean  percentage  CRs  for  the 
CRe  _Ss  was  34  and  was  12  for  the  PR  ^s.  The  difference  in  the  level 
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of  conditioning  can  be  seen  when  the  data  is  compared  to  that  of 
Bruner’s , (1965)  results  where  his  Ss  attained  a  level  of  53^  and  27^ 
CRs  for  the  CRe  and  the  PR  _Ss,  respectively.  How'ever,  Bruner  was 
measuring  the  nictitating  "membrane  response  v^hich  reportedly  results 
in  a  higher  percentage  of  CRs  (Gormezano,  Schneiderman,  Deaux,  and 
Puentes,  1962).  Further  comparisons  can  only  be  made  for  the  CRe  ^s. 
Using  the  eyelid  response  of  the  rabbit,  Schneiderman,  Fuente%  and 
Gormezano,  (l962)  attained  a  level  of  55^  CRs.  Gormezano,  Schneider¬ 
man,  Deaux,  and  Fuentes  (l962),  Schneiderman  and  Gormezano  (1964), 
and  Papsdorf,  Fishbein  and  Gormezano  (l964)  each  attained  a  leyel  of 
81%',  91^  and  llfo  CRs,  respectively,  using  the  nictitating  membrane 
response.  In  a  previous  pilot  study  with  four  rabbits,  the  CRe  Ss^ 
attained  conditioning  levels  ranging  from  12^o  to  88%  CRs.  No  PR  ^s 
were  included  and  only  one  intensity  value  was  used  (l50  mm). 

Several  factors  may  account  for  the  low  performance  level  reach¬ 
ed  by  most  of  the  _Ss. 

1.  During  the  actual  running  of  the  experiment,  the  rabbits  in 
in  restraining  box  had  to  be  calmed  down  frequently  during 
periods  of  violent  struggling.  This  would  suggest  that  the 
rabbits  were  not  adapted  to  the  box,  although  the  normal, 
known  training  procedures  had  been  followed.  Since  the 
running  of  this  experiment,  new  techniques  are  being  used 
for  the  taming  procedures  (Frey  and  Ross,  1967  and  1968). 

Six  adaptation  sessions  instead  of  the  usual  two  were  found  to 
joroduce  less  activity  and  better  performance. 


2.  A  l2-volt  lamp  was  used  to  provide  the  illumination  for  the 
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photoceilso  The  heat  from  this  lamp,  plus  the  failure  of 
the  rabbits  to  adapt  to  the  box  may  have  produced  suffici¬ 
ent  cause  to  distract  the  rabbits. 

3.  There  may  be  strain  differences  with  the  Nev/  Zealand  albinos, 
as  exists  with  rats,  to  produce  significant  differences  in 
performance. 

4,  Rescorla  (1967)  has  suggested  that  it  is  the  contingency  bet¬ 
ween  the  CS  and  the  UCS  rather  than  the  pairing  of  the  CS  and 
the  UCS  v^ich  is  the  important  event  in  Pavlovian  condition¬ 
ing,  Contingency,  here,  includes  what  is,  and  what  is  not, 
paired  with  the  CS.  Prokasy  (l965)  suggested  that  an  S-S 
association  is  frequently  made  very  early  in  the  condition¬ 
ing  session  and  that  the  results  of  this  association  may  be 
shown  in  a  variety  of  ways  and,  often,  not  until  after  the 
occurrence  of  many  trials.  The  response  that  appears  is 
under  control  of  the  (This  observation  is  implicit  in 
Rescorla*s  argument).  However,  the  response  wh. ich  ^  evokes 
may  not  be  the  response  which  the  experimenter  is  measuring. 
In  terms  of  this  experiment,  the  ^s  may  have  formed  the  asso¬ 
ciation  between  the  tone  and  the  airpuff  but  were  responding 
in  immeasurable  ways. 

The  only  clear  results  from  this  experiment  were  found  with  the 
acquisition  data.  The  CRe  ^s  performed  significantly  better  than  the 
PR  ^s.  It  was  also  suggested  that  UCS  intensity  may  be  related  to 
performance,  at  least  with  continuous  reinforcement.  It  was  decided 
that  no  justifiable  conclusions  could  be  made  based  on  the  extinction 
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data,  Pi/bre  information  about  the  conditions  necessary  for  the  appear^ 
ance  of  the  PRE  is  required.  In  this  regard,  further  experimentation 
should  control  for  the  variables  suggested  above.  An  evaluation  of 
Spence's  theory,  therefore,  must  veit  until  stable  conditioning  levels 
can  be  attained. 
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